We performed a retrospective cohort analysis of 701 (533 White and 144 Black) patients with DLBCL treated at two referral centers in southern United States between 1981-2010. Median age of diagnosis for Blacks was 50 years vs. 57 years for Whites (p<0.001). A greater percentage of Blacks presented with elevated lactate dehydrogenase levels, B-symptoms, and performance status≥2. More Whites (8%) than Blacks (3%) had positive family history of lymphoma (p=0.048). There were no racial differences in the use of R-CHOP (52% Black vs. 47% White, p=0.73). While black race predicted worse survival among patients treated with CHOP (Hazard ratio [HR] 1.8, p<0.001), treatment with R-CHOP was associated with improved survival irrespective of race (HR 0.61, p=0.01). Future studies should examine biological differences that may underlie the observed racial differences in presentation and outcome.
Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common pathological subtype of non-Hodgkin lymphoma (NHL) in the Western world, comprising approximately one-third of all adult lymphomas. [1, 2] The incidence of NHL and DLBCL increased 3-4% per year from the 1970s until the mid 1990s. This dramatic rise in incident cases of DLBCL is comparable only to the rise in skin cancers and occurred in both genders, across racial categories, and across all age groups except the very young. [3] Although the median age at diagnosis for DLBCL is in the sixth decade, [4] it can present over a broad age range and is heterogeneous in histologic appearance, immunophenotype, response to treatment, and clinical outcome. While DLBCL is associated with a median survival of less than 1 year in untreated patients, [5] DLBCL is potentially curable with conventional anthracycline-based chemotherapy. Until 2002, the combination chemotherapy regimen of cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) remained the standard therapy for DLBCL following its development in the 1970s. [5, 6] A series of randomized clinical trials demonstrated that adding the anti-CD20 antibody, rituximab (R), to CHOP chemotherapy significantly improved overall survival (OS), [7] [8] [9] leading R-CHOP to become the standard therapy for DLBCL. [3] While it has been well established that there are significant racial differences in NHL [10, 11] and DLBCL incidence [1, 11] few studies have investigated the relationships between race, the patterns of DLBCL presentation, treatment selection, and clinical outcomes with modern therapies. [1, [12] [13] [14] Data from 38,522 incident cases of DLBCL diagnosed from 1992 to 2007 encoded in Surveillance, Epidemiology and End Results (SEER) registries across the United States demonstrated that the incidence rates for DLBCL were significantly lower for black patients than white patients. [1] This study also indicated that there are racial differences in DLBCL patterns of presentation and outcomes. However, all prior registrybased studies have been critically limited by lack of uniform pathology review, [15] disagreement between computer-converted codes for DLBCL that have changed over time, [16] and incomplete or missing data on stage, race, important clinical and laboratory prognostic factor such as lactate dehydrogenase (LDH), treatment, treatment response, and follow-up. [1, [12] [13] [14] Moreover, prior institutional studies and even some population based studies have had insufficient numbers of black patients to perform comparisons across racial groups.
To overcome these limitations, we conducted a retrospective cohort study of consecutive patients with a confirmed diagnosis of DLBCL receiving care at two major academic medical centers in the southern United States. We constructed a large, comprehensive dataset of black and white patients with complete ascertainment of demographic, socioeconomic, disease, and treatment information in order to assess the impact of race and socioeconomic factors on disease presentation, treatment selection, and disease outcomes.
Methods

Study Population
After approval by the Emory University and University of Alabama at Birmingham (UAB) Institutional Review Boards, we utilized published methods [17, 18] to identify from pathology and medical records, patients who were diagnosed with DLBCL as defined by the World Health Organization classification of Tumours of Haematopoietic and Lymphoid Tissues. [19] Patients with DLBCL who received care within the Emory University healthcare system (1981-2010) and the UAB healthcare system were included in the study. Cases were included if there was a diagnosis of DLBCL confirmed by record review, available information on date of diagnosis, date of last contact or date of death, known race, known stage, known performance status (PS), and known first course of treatment. Pathology slides were not re-reviewed for this study. Figure 1 depicts the selection of DLBCL cases included in the analyses.
Data Collection
Trained abstractors (PS, KB, UB, TDH, RG) collected clinical data from the time of diagnosis, during treatment, and at follow-up. Baseline demographic data collected at diagnosis were age, gender, race, marital status, employment status, and health insurance coverage. For these analyses, race was categorized as white, black, other, or unknown based on medical records and self-reported information. Health insurance coverage was categorized as Medicaid, Medicare +/-Medicaid, Private +/-Medicare/Medicaid, uninsured, or unknown. Employment status was used as a measure of socioeconomic status. Clinical data included in the analyses were family history of lymphoma, Eastern Cooperative Oncology Group (ECOG) PS score, serum LDH level, number of extranodal sites involved, Ann Arbor stage of disease, International Prognostic Index (IPI) risk category, [20] presence of B-symptoms, and first course of therapy.
Date of last contact and date of death due to any cause were collected. The date of death was verified using the social security death index. The primary outcome was OS defined as the time from date of diagnosis to the date of death and censored for living patients at the last date of contact. To evaluate the impact of changes in standard therapy for DLBCL on survival, we divided patients into treatment eras by year of diagnosis: 1981-1991 to reflect the early CHOP era, [6, 21] 1992-1997 to reflect the years when CHOP was considered standard therapy, [5, 22] 1998-2002 as the early years of R-CHOP use following the approval of rituximab for follicular NHL[23-25] and 2003-2010 to reflect the years when R-CHOP was widely utilized based on results of randomized control trials. [7] [8] [9] 
Statistical Analysis
The primary aims of this work were to examine black/white differences in the age of onset of DLBCL, poor risk features contained within the IPI, and survival by treatment type. We hypothesized that black patients presented at a younger age, were more likely to have poor risk features, and would have poorer survival even when the same treatment was given. All other comparisons between black and white patients were part of exploratory analyses. Differences in baseline characteristics at diagnosis between racial groups were analyzed using two-sided t-tests and chi-square tests. Univariate and multivariable logistic regression models were used to identify predictors of receiving CHOP vs. R-CHOP as first course of treatment. Univariate and multivariable Cox proportional hazards models were used to determine predictors for survival. OS curves were constructed using the Kaplan-Meier method and were compared by a two-sided log-rank test. A level of significance (α) of 0.05 was defined as statistically significant. All statistics were computed using SAS software, 
Results
Patient Population
We identified 866 consecutive patients (575 Emory and 291 UAB) with a confirmed diagnosis of DLBCL. Patients with missing data on date of diagnosis (4), race (57), stage (71), first course of treatment (15) , or ECOG PS (18) were excluded, yielding a cohort of 701 cases ( Figure 1 ). Cases with known race were grouped into white (533), black (144), and patients of other race (24) . Due to small numbers of patients in other racial groups, the primary analyses focus on the differences between white and black patients.
Baseline Characteristics
Table I compares the baseline characteristics at diagnosis by race. Black patients were diagnosed at a significantly younger age compared to white patients (median age 50 vs. 57 years, p<0.001). Males comprised 58% of white and 48% of black patients (p=0.04). A greater proportion of black patients presented with an abnormal LDH level as compared to white patients (51% vs. 36%, p=0.03), and 42% of black compared to 31% of white patients presented with B-symptoms (p=0.02). Black patients were more likely to present with ECOG-PS ≥2 as compared to white patients (26% vs. 16%, p=0.01). There were no statistically significant differences in stage, extranodal site involvement, and IPI risk category at presentation. However, when IPI was age-adjusted (aaIPI), a greater proportion of black patients had high risk aaIPI as compared to white patients (aaIPI score 2 27% vs. 17%, aaIPI score 3 17% vs. 4%, p=0.03). The high risk scores for Black patients was especially true for the ≤60 years age group (aaIPI score 3 21% vs. 8%, p=0.02). More than twice as many white patients (8%) as black patients (3%) had a positive family history of lymphoma (p=0.048).
An equal proportion of black and white patients declared their employment location at the time of presentation (35% vs. 38%, p=0.68). The majority of patients studied were insured, but fewer black patients were insured as compared to white patients (89% vs. 96%, p<0.001). The type of health insurance coverage also varied by racial groups with a greater portion of white patients having private insurance with/without supplemental Medicare/ Medicaid as compared to black patients (79% vs. 57%; p<0.001). Greater numbers of black patients had Medicaid (18% vs. 5%) and Medicare (14% vs. 12%) as compared to white patients.
First Course of Treatment
First line regimens for patients in the study included CHOP (241), R-CHOP (342), and other regimens (118). As expected, the use of R-CHOP significantly increased over time after the approval of rituximab; patients diagnosed during 1998-2002 and 2003-2010 were more likely to receive R-CHOP (odds ratio [OR] 24.7 and 174.7 respectively, p<0.001) when compared to patients treated in the initial era from 1992-1997. Black and white patients showed similar trends in the rise of R-CHOP treatment ( Figure 2 ). Patients presenting with ECOG PS ≥2 were less likely to receive R-CHOP (OR 0.59, p=0.009; Table II) . Surprisingly, patients in this cohort who had no healthcare insurance coverage were more likely to receive R-CHOP compared to patients with private insurance (OR 10.8, p=0.002). Multivariable logistic regression models confirmed these findings.
Survival
With a median follow-up of 35 months (range 7 days -240 months), univariate Coxregression analyses of factors predicting mortality revealed that IPI score 2 (Hazard Ratio [HR] 1.58, p=0.03), IPI score 3 (HR 2.53, p<0.001), IPI score 4-5 (HR 4.37, p<0.001), and presence of B-symptoms (HR 1.48, p=0.002) predicted for worse survival. Table III provides the HRs for individual IPI components. Patients with Medicare also had statistically lower survival rates compared to patients with private insurance (HR 1.4, p=0.04). Patients who received R-CHOP had improved survival compared with those who received CHOP as first line of treatment (HR 0.61, p<0.001). Black race did not predict for poorer survival (HR 1.23, p=0.15). The observed survival rates did not differ significantly between black and white patients (5-year OS 62% vs. 66%, p=0.15). In the multiple variable Cox-regression analyses of factors predicting mortality, IPI score 3 (HR 2.51, p<0.001) and IPI score 4-5 (HR 3.37, p<0.001) predicted worse survival while first-line treatment with R-CHOP predicted better survival as compared to CHOP (HR 0.58, p=0.002).
In multiple variable model Cox regression models, adjusted for year of diagnosis, among patients who received CHOP, black race (HR 1.80, p=0.01, Figure 3A ), male gender (HR 1.55, p=0.02), presentation with B-symptoms (HR 1.61, p=0.02), IPI score 3 (HR 2.38, p<0.001), and IPI score 4-5 (HR 3.47, p<0.001) each were independently associated with significantly inferior survival (Table IV) . In similar multiple variable model Cox regression models involving patients who received R-CHOP, patients who presented with IPI score 3 (HR 2.28, p=0.01), IPI score 4-5 (HR 3.43, p<0.001), and those insured by Medicaid had poorer survival (HR 2.54, p=0.01, Table IV ). Black and white patients who received R-CHOP had similar outcomes (5-year OS 79% vs. 70%, p=0.79, Figure 3B ).
Discussion
In this academic center-based retrospective study in the Southeastern United States, we found that black patients comprised 20.5% of the study population, compared with census data that indicate that blacks comprise 26.2% of the population of Alabama and 30.5% of the populations of Georgia,[26] consistent with prior findings of a lower relative incidence of lymphoma in the black population. Although the younger age and diagnosis of all patients in the study likely reflects a referral bias of younger patients to these academic medical centers, we found that black patients were diagnosed at a significantly younger age compared to white patients, and more commonly presented with an elevated LDH level, Bsymptoms, and ECOG-PS ≥2. These findings are consistent with our previous SEER study that showed that black patients were younger compared to white patients, but were more likely to present with B-symptoms and advanced stage. [1] In the current study, although there were no racial differences in stage or IPI score at diagnosis, a greater proportion of black patients presented with high risk age-adjusted IPI scores. Among patients treated with CHOP, multivariable risk models indicated that black race remained a poor prognostic factor even independent of IPI factors.
One of the limitations of this study is the lack of central pathology review across the two institutions; however, central pathology review did occur at each center individually for a selection of cases from 2001-2010 (43% Emory cases and 100% UAB cases), and we did find a high degree of concordance in the histological diagnosis for the cases where interinstitutional central review did occur. [27] We also acknowledge that the World Health Organization (WHO) classification of lymphomas changed over the time period of the study and other classifications were previously used; all cases were identified and selected using the 2008 WHO system. [11, 28, 29] Missing data in the earlier years of analysis precluded us from utilizing additional measures of socioeconomic status like education, household income, and occupation, and from examining disease-specific survival. Other limitations of this retrospective analysis include missing or incomplete data on staging (8%), race (7%), and treatment (2%). We also had slightly different time intervals for data collection across the two institutions, but the central findings regarding racial differences in age of onset, poor risk features for black patients , and similar observed survival among black and white patients was true for cohort studies involving each site separately. [30, 31] Primary hypotheses were pre-specified before the analysis was planned, and additional findings are considered provocative and hypothesis generating due to the risk of type I error.
Interestingly, twice as many white patients (8%) as black patients (3%) had a positive family history of lymphoma (p=0.048). This is a novel finding, and may explain to some extent the lower relative incidence of DLBCL in the African American population and will have to be explored in further studies. Although a single susceptibility gene for DLBCL has not been identified, evidence suggests that genetic predisposition underlies the etiology of DLBCL for some patients. [32] [33] [34] For example, individuals with a first-degree relative with leukemia, NHL, Hodgkin lymphoma, or any hematological malignancy have higher risks of DLBCL. [32] Focused case-control studies are needed to determine whether differences in underlying genetic predisposition or exposures exist among black and white patients with DLBCL which might explain the differences in lymphoma relative incidence. Our study was limited by the relatively smaller number of black patients as is the case with nearly all USbased and European lymphoma population studies that predominantly have examined white patients.
Other studies have suggested that there are racial and socioeconomic differences in the use of lymphoma therapies in the United States. [12, 35, 36] Wang and colleagues performed a retrospective analysis of 13,321 patients from the linked SEER-Medicare dataset that were diagnosed with NHL between 1992 and 1999 using administrative billing codes to determine treatment patterns. While African Americans (n=533) were less likely to receive lymphoma therapy (OR 0.68) and had inferior all-cause and NHL-specific 5-year survival when compared to Caucasians, these differences were best explained by differences in socioeconomic status. [12] In an overlapping study of linked SEER-Medicare data for NHL patients diagnosed from 1995 through 2002 including 14,831 patients with DLBCL (84% white and 4.8% black), [36] black patients were significantly less likely than Whites to be treated within 90 days of a NHL diagnosis and less likely to receive rituximab for DLBCL (OR 0.71). In contrast, in our study which had complete, direct ascertainment of treatment based on clinical and pharmacy data, there were no racial differences in the use of R-CHOP. While the time period under study was quite long, rates of adoption of R-CHOP use were similar for black and white patients, perhaps related to the facts that this was cohort managed at academic institutions and was predominantly insured. Despite the finding that there were racial differences in the types of insurance coverage, there were no significant racial differences in first line treatment selection. The surprising finding that patients with no healthcare insurance coverage were more likely to receive R-CHOP compared to those with private insurance may relate to the use of R-CHOP as an inpatient regimen in the earlier years of adoption for this subgroup, other biases toward treatment of uninsured patients with additional drugs in combination regimens, or unexplained factors. A similar observation has been made among Medicare patients within a "poverty" income category in the referenced SEER-Medicare analysis, and also may relate to the existence of special rituximab access programs for such patients at that time. [36] We have confirmed that the addition of rituximab to CHOP chemotherapy significantly improved survival for patients with DLBCL, which has been described earlier in randomized clinical trials [7] [8] [9] 37] and in a population-based study in Canada. [38] Despite adjustment for year of diagnosis, insurance status, and age, among patients who received first line CHOP therapy, IPI score 4-5 and black race were the strongest predictors of increased mortality. However, such findings need to be interpreted with caution since these patients were treated over a wide time span, relatively few black patients were treated with CHOP, and other variations in the processes of care and random variation could have influenced outcomes. Whether racial differences in DLBCL survival relate to treatment, tumor response, lymphoma biology or some combination is remains unclear, but our analyses suggest that when modern lymphoma therapy with R-CHOP is administered there are no racial differences in survival. A similar observation has been noted in previous studies of other adverse prognostic factors, most notably for Bcl-2 expression, and suggests that the addition of rituximab may abrogate the adverse prognostic impact of race. [39] This also raises the question as to whether there are racial differences in the frequency of known biological subtypes of DLBCL with variable susceptibility to rituximab. [40, 41] Gene expression analyses of DLBCL have identified at least two biologically distinct and prognostically meaningful molecular subgroups of DLBCL. [42] Ethnic/racial differences in the frequency of activated B-cell like and germinal center B-cell-like subtypes have been identified in studies of DLBCL patients in Malaysia, Japan, Turkey, China, Germany, and North America, [43] [44] [45] [46] [47] but have not been compared in black and white populations. There also may be ethnic differences in polymorphism of FcγRIIIA and FcγRIIA, but there remains debate as to the effect this may have on response to R-CHOP and treatment outcomes for patients with DLBCL. [48, 49] Although both genetic and non-genetic factors are likely important factors involved in ethnic differences in cancer outcomes, data acute lymphoblastic leukemia suggests that there can be a biological basis for disparities in treatment outcomes that can be overcome by treatment modification. [50] Additional data on DLBCL subtype and other molecular predictors of response are needed in future studies to improve our understanding of the relationship between race and treatment outcomes in DLBCL particularly when the same treatment is administered.
Our data confirm that when modern standard of care therapy is applied equally to patients with DLBCL, similar outcomes occur for black and white patients. Developing interventions to address the broader disparities in treatment selection and treatment outcomes identified in claims-based cohort studies requires improved understanding of the context in which cancer treatments are selected for patients with DLBCL. [51, 52] As distinct biological subgroups of DLBCL associated with differences in outcomes have been described, [42, 44] it is critical that we improve our understanding of racial differences in disease biology and epidemiology to address cancer disparities. Based on our analysis, such studies are now planned.
Figure 1. Selection of study cohort
This figure provides an overview of the study cohort with reasons for inclusion/exclusion through the selection process. 
